efficient method for the evaluation and quality control of S. chinensis and S. Sphenanthera medicinal materials.
Materials and Methods

Instruments and reagents
LC-2010A liquid chromatograph, including LC solution working station, automatic sample injector and ultraviolet detector etc (Shimadzu Company, Japan); SHIM-PACK VP-ODS C18 chromatographic column (4.6 mm × 150 mm, 5 μm, Shimadzu Company, Japan), AL204 Electronic balance (Mettler-Toledo Instruments Co. Ltd, Switzerland); DHG-9245A Drier (Shanghai Hengke Science and Technology Co. Ltd, China ).
Methanol and ethanol were of HPLC grade and purchased from Guoyao Biotechnology Co. (China). Water was purified using a Milli-Q system (Millipore, USA). All the reagents were of analytical grade.
Reference substances
Schisandrol A (batch number: 110857-200910), schisantherin (batch number: 111529-200302) and wuanlinan (batch number: 111844-201002) were purchased from National Institutes for Food and Drug Control. Schisandrol B, schizandrin A, schizandrin B, schizandrin C and schisanhenol were made in our laboratory. Their chemical structures all were verified by 1 H-NMR and 13 C-NMR, and the detection by high-performance liquid chromatography showed that they all had a single peak, with a purity greater than 98%.
Experimental materials
Fifteen batches of S. chinensis and 5 batches of S. Sphenanthera medicinal materials were collected from different places. All of them were identified by Prof.
Zhang Lihua, College of Pharmacy, Beihua University. Samples of the medicinal materials were dried in nature and crushed (40 mesh), and then stored in a cool and dry place for later use. Types and sources of the samples are shown in Table I .
Chromatographic conditions
Chromtographic column: Agilent ZORBAX 300SB-C18 Chromtographic column (4.6 mm × 250 mm and 5 μm); Shimadzu GVP guard column (4.6 mm); flow phase: methanol (A), water (B), gradient elution (gradient conditions are shown in Table II ); column temperature: 27°C; flow velocity: 0.8 mL•min -1 ; detection wavelength: 230 nm.
Preparation of the reference substance solutions
Schisandrol A (10 mg), schisandrol B (10 mg), schisantherin (8 mg), schisanhenol (8 mg), anwulignan (8 mg), schisandrin A (10 mg), schisandrin B (10 mg) and schisandrin C (8 mg) were precisely weighed and dissolved in appropriate amount of methanol in 10 mL constant volume bottles, respectively, to obtain 1.0, 1.0, 0.8, 0.8, 0.8, 1.0, 1.0 and 0.8 mg/mL stock solutions of the reference substances. 1.0 mL of the reference substance stock solutions were placed in 10 mL volumetric flasks, respectively, and methanol was added to the flasks to dilute the solution at the scale, for the preparation of mixed reference solution.
Preparation of test solutions
10 g dried sample powder weighed precisely was dissolved in 300 mL methanol. The ultrasound extraction was conducted for 20 min. The solution was shaken and then left to stand for 10 min, and filtered. The residue was dissolved in 150 mL methanol, and the solution was extracted with ultrasound extraction for 20 min 2 times. Filtrates from three extraction were mixed and the mixed solution was dried with decompression evaporation. The residue was dissolved in methanol and set to the constant volume of 100 mL, and the solution was filtered with a 0.45 μm film membrane to obtain the sample solution.
Results
Analysis on the linearity
1.0 mL of each reference stock solution was precisely weighed, respectively. The solutions were prepared into solutions of series mass concentrations by multiple dilution method. In line with the chromatographic conditions described in section 2.4, 10 μL of the prepared solutions were injected and the peak areas were recorded. The peak area y was taken as the ordinate and the mass concentration of reference substances x (μg) was taken as the abscissa to obtain regression equations, linear range and correlation coefficients of each component for the analysis on the linear regression. As shown in Table III , the results showed that each component exhibited a good linearity in the experimental range.
Limit of quantitation (LOQ) and limit of detection (LOD)
1.0 mL of each reference stock solution were precisely weighed, respectively. The solutions were prepared into solutions of series mass concentrations by multiple dilution method. In line with the chromatographic conditions described in section 2.4, 10 μL of the prepared solutions were injected and the peak areas were recorded. SNR (signal to noise ratio) of 10:1 was used as the limit of quantitation and SNR of 3:1 as the limit of detection. It was estimated that the LOQ of schisandrol A, schisandrol B, schisantherin, schisanhenol, anwulignan, schisandrin A, schisandrin B and schisandrin C in schisandra was 25, 25, 20, 10, 40, and 12.5, 25 and 20 μg/mL, respectively; the LOD of them was 5, 5, 8, 2, 8, and 2.5, 5 and 4 μg/mL, respectively.
Precision test
10 μL of each of the mixed reference solution were injected in line with the chromatographic conditions described in section 2.1 and continuously measured 6 times. Peak area RSD values of schisandrol A, schisandrol B, schisantherin, schisanhenol, anwulignan, schisandrin A, schisandrin B and schisandrin C in schisandra were 1.43%, 1.89%, 2.39%, 2.41%, 2.87%, 3.49%, 3.58% and 3.9%, respectively, indicating that the precision of this method used for the content determination of these eight lignans should be good.
Reproducibility test
In order to make sure that the results could more accurately reflect methodological parameters, samples with higher contents of 8 lignans (No. 20) were chosen for the analysis, and the reproducibility, stability and recovery of the method were investigated. The medicinal material powders (No. 20) were simultaneously prepared into 5 copies of the test sample solution according to the method described in section 2.6, and 10 
Stability test
The medicinal material powders (No. 20) were prepared into the test sample solutions according to the method described in section 2.6. The test sample solutions were injected and measured at 1, 2, 4, 8, 16 and 24 hours respectively, relative peak areas of the chromatographic peaks were recorded, and RSD values were calculated based on the relative peak areas measured at different time points. The results showed that contents of the eight lignans were stable within 24 hours and RSD values of them were 1.6, 2.9, 2.9, 5.7, 2.9, 1.8 and 4.2%, respectively.
Recovery test
A sample recovery method was used in this test. 9 copies of 0.1 g medicinal material powders containing the above 8 lignans (No. 20) were precisely weighed. They were added to the reference solutions according to the high, medium and low concentrations, respectively, and three copies of them were added to the solution at each concentration in parallel, which were prepared into sample solutions according to the method describeed in section 2.6. 10 μL of the sample solutions were injected in line with the chromatographic conditions described on section 2.4 to calculate the recovery and the results are shown in Table IV . The results showed that recoveries of the eight lignans at the high, medium and low concentrations was within 92.2-102.9%, and RSD values of their recoveries were within 1.5-4.2%.
Sample determination
Test solutions of S. chinensis and S. sphenanthera samples (Table I) were prepared in line with the method described in section 2.6. 10 μL (n = 3) of the sample solutions were injected in line with the chromatographic conditions. The chromatograhic peak areas were recorded, and based on the regression equations, schisandrol A, schisandrol B, schisantherin, schisanhenol, anwulignan, schisandrin A, schisandrin B and schisandrin C contents in the schisandra samples were calculated. The results are shown in Table V 
Discussion
Many studies have indicated that although the main ingredients of S. chinensis Fructus and S. sphenanthera Fructus are lignans (Opletal et al., 2004; Lu and Chen, 2009; Slanina et al., 1997) , their kinds and contents are markedly different (Yuan et al., 2011) . In this study, a simple, rapid and sensitive HPLC method has been developed for the simultaneous quantitative analysis of eight lignans in S. chinensis and S. sphenanthera, and the content of eight active lignan components in 15 batch of S. chinensis and 5 batch of S. Sphenanthera were determined in this method. The results of samples determination showed that types of lignans contained in schisandra from different origins were the same, namely, they all contained schisandrol A, schisandrol B, schisantherin, schisanhenol, anwulignan, schisandrin A, schisandrin B and schisandrin C, and no anwulignan was detected in 15 batches of schisandra. There was a great difference in the lignan constituents content of schisandra from different origins, suggesting that although lignan constituents contained in schisandra from different rigins were similar, their quality should be quite different, and appropriate methods should be established to control the quality of them.
The type and content of 5 batches of S. chinensis were quite different, showing a great difference in the quality of S. Sphenanthera from different origins; the comparison of them showed that 5 batches of the samples all contained schisantherin, anwulignan and schisandrin A, and their contents were higher compared with the others (accounting for 61.92-96.88% of total content of above 8 lignans), suggesting that the 3 lignans may be the common components in S. chinensis from different origins, based on which the quality control of S. Sphenanthera can be achieved. Anwulignan is a lignan of dibenzylbutanes, the other 7 lignans are all dibenzocyclooctenes lignans, and there are significant differences in the ultraviolet absorption spectra between the two types of lignans. Therefore, we need to select the appropriate detection wavelength to ensure that all lignans has a strong absorption. In this study, we investigated the absorption of eight lignans in 280 nm, 230 nm, 254 nm and 300 nm, respectively. The result showed that there was almost no absorption of the eight lignans at 300 nm wavelength; the absorption of anwulignan was strong and that of the other 7 lignan was weaker at 280 nm wavelength; at 254 nm wavelength, the situation was just opposite to that at 280 nm wavelength, showing an extremely weak 
